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(54) METHOD FOR ADJUSTING CHARACTERISTIC OF OPTICAL CIRCUIT AND DEVICE THEREFOR 

(57)Abstract: 

PURPOSE: To provide a method for adjusting the characteristics of an 
optical circuit capable of adjusting the characteristics of even the 
optical circuit having >3 pieces of paths with high accuracy within a 
short period of time and a device for such adjustment. 
CONSTITUTION: The optical circuit is installed in the one optical path 
of an interferometer formed by using a light source having a 
coherence length (coherence distance shorter than the optical path 
difference between arbitrary two paths in the optical circuit to be 
subjected to the characteristic adjustment. The optical path length (x) 
of the other optical path which is a reference optical path is changed 
and an interferogram V(x) of the light waves propagating the 
respective paths and reference light is measured (S1). N-pieces of 
isolated signals Vk(x) (k=1, 2,..., N) are extracted from this 
interferogram V(x) (S2), and Fourier transform of the extracted beat 

signals Vk(x) is calculated (S3). The phase change rates that the light propagating the respective paths 
receive are led out of the phase of the Fourier transform (S4). The refractive indices of the optical 
waveguides constituting the respective paths are so controlled that the specified differences between the 
phase change rates in the respective paths and their design values are obtd. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The property adjustment method of an optical circuit that the interference wave of the light wave which the 
optical waveguide which connects between two or more ****** elements and this ****** element between 
input/output port has been arranged, and spread the path of the plurality between this input/output port (you may be N 
pieces) characterized by providing the following is taken out from an output port. The aforementioned optical circuit is 
installed in one optical path of the interferometer which used the light source which has coherent length (coherence 
length) shorter than the optical path difference during two arbitrary paths in the aforementioned optical circuit. 
Interferogram [ of the light wave and the aforementioned reference beam which the optical path length x of the optical 
path of another side which is a reference-beam way was changed, and spread each path ] V (x) It measures, this 
interferogram V (x) 1, 2, - N) is extracted, from -- N isolated beat signal Vk (x) (-- k= -- The amount measurement 
process of phase changes which derives the amount of phase changes which the light which spread each path receives 
from the phase which calculated the Fourier transform of the extracted this beat signal Vk (x), and was obtained from 
this calculation result. The refractive-index control process of changing the refractive index of the optical waveguide 
which constitutes each path of the aforementioned optical circuit so that the difference of the amount of phase changes 
and design value in each path for which it asked at the aforementioned amount measurement process of phase changes 
may become fixed. 

[Claim 2] The property adjusting device of an optical circuit with which the interference wave of the light wave which 
the optical waveguide which connects between two or more ****** elements and this ****** element between 
input/output port has been arranged, and spread the path of the plurality between this input/output port (you may be N 
pieces) characterized by providing the following is taken out from an output port. An optical-path-length adjustable 
means to install the aforementioned optical circuit in one optical path of this interferometer, and to change the optical 
path length x of the optical path of another side which is the reference-beam way of the aforementioned interferometer 
while forming the interferometer which used the light source which has coherent length (coherence length) shorter than 
the optical path difference during two arbitrary paths in the aforementioned optical circuit. Interferogram [ of the light 
wave and the aforementioned reference beam which spread each path ] V (x) A measurement means to measure, 
aforementioned interferogram V (x) from - N isolated beat signal Vk (x) (-- k= - 1, 2, --, a beat signal extraction 
means to extract N) The refractive-index control means to which the refractive index of the optical waveguide which 
constitutes in each path of the aforementioned optical circuit changes so that the difference of an amount measurement 
means of phase changes derive the amount of phase changes which the light which spread each path receives from a 
calculation means calculate the Fourier transform of the extracted this beat signal Vk (x), and the phase obtained from 
this calculation result, and the amount of phase changes and the design value of each path for which it asked by the 
aforementioned amount measurement means of phase changes may serve as constant value. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] The optical waveguide which connects between two or more ****** elements and this ****** 
element between input/output port is arranged, and this invention relates to the way the interference wave of the light 
wave which spread the path of the plurality between this input/output port (you may be N pieces) adjusts the property 
of the optical circuit taken out from an output port, and its equipment. 
[0002] 

[Description of the Prior Art] Conventionally, the optical circuit by which the interference wave of the light wave 
which the optical waveguide which connects between two or more ****** elements and this ****** element between 
input/output port has been arranged, and spread the path of the plurality between this input/output port (you may be N 
pieces) is taken out from an output port is indispensable in order to realize highly efficient light parts. 
[0003] The electric field E and intensity I of output light of an optical circuit which were mentioned above the 
amplitude of the light which spreads sigma and each path for the wave number ak (sigma) (k= 1, 2 and 3, » N) It is 
phik (sigma) about the amount of phase changes which the light which spread each path receives. (k= 1, 2 and 3, --, N) 
When it carries out, it is the following (1). A formula and (2) Since it is expressed like a formula, various properties are 
realizable by changing an amplitude ak (sigma) and amount of phase changes phik (sigma) 
[0004] 

ii 

E(a) = 2 a t (a)-exp (-i^(a)) -(1) 

k-1 



I(sigma) =|E(sigma) |2 the amount of phase changes which light receives with each path in an optical circuit for a 

minute change of (2) however the refractive index produced at the time of production, a waveguide configuration, and 
waveguide internal stress - design value phik (sigma) from - minute amount deltaphik (sigma) if it shifts the electric 
field E of output light -- the following (3) Since it becomes like a formula, it has big influence on the property 
[0005] 

n 

E(a) = S a t (a)-exp {- i (<f> k (a) + 6 <t> k (a))} »-(3) 

k-i 



Then, conventionally, acting as the monitor of the optical-frequency property of an optical circuit, the refractive index 
of a waveguide was changed, the gap from the design value of the phase contrast during each path was corrected, and 
the property was adjusted. 

[0006] Next, about the conventional property adjustment method, a Mach TSUENDA (Mach Zehnder: MZ) type 
optical circuit is mentioned as an example, and is explained. Drawing 2 is drawing showing the composition of MZ 
optical circuit of 2x2. In drawing, input port, and 54a and 54b of two 3dB directional coupler type ****** elements, 
two waveguides to which 5 1 a and 5 1 b connect 52a, and 52b connects these ****** elements 5 1 a and 5 1 b, and 53 a and 
53b are output ports. Considering the light which carries out incidence from one input port 53a and which carries out 
outgoing radiation from output port 54a, input light is separated spectrally into Waveguides 52a and 52b by ****** 
element 51a, and it is multiplexed by ****** element 51b. 

[0007] Therefore, output light serves as an interference wave of the light which passed along two paths, the path 1 
which passes input port 53a to waveguide 52a, and the path 2 which passes waveguide 52b. output light intensity - the 
above (1) A formula and (2) a formula - setting al(sigma) =a2(sigma) =0.5 ****** - it asks -- having -- the 
following (4) It is expressed like a formula. 



[0008] 

I(sigma) =cos2 [-i {(phil-phi2 )+ (deltaphil-deltaphi2)}] -- (4) Drawing 3 is drawing having shown the optical- 
frequency property of MZ optical circuit of 2x2. The solid line in drawing shows a design property (deltaphi2 - 
deltaphil =0), and the wavy line shows the property (deltaphi2-deltaphi 1 !=0) when an optical-path-length difference 
shifts from a design value. Thus, when an optical-path-length difference shifts from a design value, the property shifted 
from the design property is observed. 

[0009] Then, conventionally, acting as the monitor of the optical-frequency property of an optical circuit, the refractive 
index of waveguide 52a which constitutes a path 1, or waveguide 52b which constitutes a path 2 was gradually changed 
so that the optical-frequency property might turn into a design property, and the property of an optical circuit was 
adjusted. Thus, in the case of MZ optical circuit of 2x2 which has two paths, since the gap (deltaphil -del taphi2) from 
the design value of the phase contrast between an optical-frequency property and a path corresponded, the property of 
an optical circuit was able to be adjusted based on the optical-frequency property. 
[0010] 

[Problem(s) to be Solved by the Invention] However, in the case of the optical circuit which has three or more paths, by 
the conventional property adjustment method mentioned above, the gap from the design value of the phase contrast 
during each path cannot be determined from the optical-frequency property of an optical circuit. Therefore, since the 
amount of phase changes in each path which should be adjusted was not found conventionally, it carried out by having 
repeated the process which changes some refractive indexes of the waveguide which constitutes each path, and 
measures an optical-frequency property, and there was no method besides adjusting a property gradually. Thus, there 
was a trouble that it could not adjust even if adjustment takes a long time very much or the conventional method of 
changing blindly the refractive index of the waveguide which constitutes each path takes a long time. 
[001 1] The purpose of this invention is to offer the property adjustment method of the optical circuit which can adjust 
the property of an optical circuit to the inside of a short time with high precision also about the optical circuit which has 
three or more paths, and its equipment in view of the above-mentioned trouble. 
[0012] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, this invention in a claim 1 In the 
property adjustment method of an optical circuit that the interference wave of the lightwave which the optical 
waveguide which connects between two or more ****** elements and this ****** element between input/output port 
has been arranged, and spread the path of the plurality between this input/output port (you may be N pieces) is taken 
out from an output port The aforementioned optical circuit is installed in one optical path of the interferometer which 
used the light source which has coherent length (coherence length) shorter than the optical path difference during two 
arbitrary paths in the aforementioned optical circuit. Interferogram [ of the lightwave and the aforementioned reference 
beam which the optical path length x of the optical path of another side which is a reference-beam way was changed, 
and spread each path ] V (x) It measures, this interferogram V (x) 1, 2, », N) is extracted, from ~ N isolated beat signal 
Vk (x) (« k= - The amount measurement process of phase changes which derives the amount of phase changes which 
the light which spread each path receives from the phase which calculated the Fourier transform of the extracted this 
beat signal Vk (x), and was obtained from this calculation result, The property adjustment method of the optical circuit 
which has the refractive-index control process of changing the refractive index of the optical waveguide which 
constitutes each path of the aforementioned optical circuit so that the difference of the amount of phase changes and 
design value in each path for which it asked at the aforementioned amount measurement process of phase changes may 
become fixed is proposed. 

[0013] Moreover, the optical waveguide which connects between two or more ****** elements and this ****** 
element with a claim 2 between input/output port is arranged. In the property adjusting device of an optical circuit with 
which the interference wave of the light wave which spread the path of the plurality between this input/output port (you 
may be N pieces) is taken out from an output port While forming the interferometer which used the light source which 
has coherent length (coherence length) shorter than the optical path difference during two arbitrary paths in the 
aforementioned optical circuit An optical-path-length adjustable means to install the aforementioned optical circuit in 
one optical path of this interferometer, and to change the optical path length x of the optical path of another side which 
is the reference-beam way of the aforementioned interferometer, Interferogram [ of the light wave and the 
aforementioned reference beam which spread each path ] V (x) A measurement means to measure, aforementioned 
interferogram V (x) from - N isolated beat signal Vk (x) (- k= - with 1, 2, --, a beat signal extraction means to extract 
N) A calculation means to calculate the Fourier transform of the extracted this beat signal Vk (x), So that the difference 
of an amount measurement means of phase changes to derive the amount of phase changes which the light which 
spread each path receives from the phase obtained from this calculation result, and the amount of phase changes and 
design value of each path for which it asked by the aforementioned amount measurement means of phase changes may 
serve as constant value The property adjusting device of the optical circuit equipped with the refractive-index control 



means to which the refractive index of the optical waveguide which constitutes each path of the aforementioned optical 

circuit is changed is proposed. 

[0014] 

[Function] According to the property adjustment method of the optical circuit of this invention according to claim 1, it 
sets at the amount measurement process of phase changes. The aforementioned optical circuit is installed in one optical 
path of the interferometer which used the light source which has coherent length (coherence length) shorter than the 
optical path difference during two arbitrary paths in the optical circuit used as the candidate for property adjustment. 
Interferogram [ of the light wave and the aforementioned reference beam which the optical path length x of the optical 
path of another side which is a reference-beam way changed, and spread each path ] V (x) It is measured, furthermore, 
this interferogram V (x) from N isolated beat signal Vk (x) (-- k= while 1, 2, - the Fourier transform of the beat 
signal Vk (x) which N) was extracted and was this extracted are calculated, the amount of phase changes which the 
light which spread each path receives is drawn from the phase obtained from the calculation result of this Fourier 
transform Moreover, in a refractive-index control process, the refractive index of the optical waveguide which 
constitutes each path of the aforementioned optical circuit changes, and the property of the aforementioned optical 
circuit is adjusted so that the difference of the amount of phase changes and design value in each path for which it 
asked at the aforementioned amount measurement process of phase changes may become fixed. 
[0015] Moreover, while the interferometer which used the light source which has coherent length (coherence length) 
shorter than the optical path difference during two arbitrary paths in the optical circuit used as the candidate for specific 
adjustment is formed according to the property adjusting device of an optical circuit according to claim 2, the 
aforementioned optical circuit is installed in one optical path of this interferometer. Moreover, interferogram [ of the 
light wave and the aforementioned reference beam which the optical path length x of the optical path of another side 
which is the reference-beam way of the aforementioned interferometer changed with optical -path-length adjustable 
meanses in this state, and spread each path by the measurement means ] V (x) It is measured, furthermore, a beat signal 
extraction means ~ aforementioned interferogram V (x) from » N isolated beat signal Vk (x) (-- k= - 1, 2, --, the 
Fourier transform of the beat signal Vk (x) which N) was extracted and was this extracted are calculated by the 
calculation means Moreover, the refractive index of the optical waveguide which constitutes each path of the 
aforementioned optical circuit changes, and the property of the aforementioned optical circuit is adjusted by refractive- 
index control means so that the amount of phase changes which the light which spread each path receives from the 
phase obtained from the calculation result of this Fourier transform is drawn by the amount measurement means of 
phase changes and the difference of the amount of phase changes and the design value of each path for which it asked 
by the aforementioned amount measurement means of phase changes may serve as constant value 
[0016] 

[Example] Hereafter, one example of this invention is explained using a drawing. Drawing 1 is a flow chart explaining 
the principle of the amount measurement process of phase changes with which the property adjustment method of the 
optical circuit in one example of this invention and its equipment are equipped. The optical circuit used as the candidate 
for property adjustment is installed in one optical path of the interferometer which used the light source which has 
coherent length (coherence length) shorter than the optical path difference during two arbitrary paths in an optical 
circuit at the process SI of the amount measurement process of phase changes, the optical path length x of the optical 
path of another side which is a reference-beam way is changed, and the interferogram produced by interference with 
the light wave and the aforementioned reference beam which spread each path in the aforementioned optical circuit is 
measured. The electric field E of the light which spread by this the aforementioned optical circuit which has N paths 
(sigma) are the above (3). Interferogram V which set the optical path length of g (sigma) and a reference beam to x, and 
measured the spectrum of the light source of an interferometer when what is expressed with a formula was taken into 
consideration (x) The following (5) - (7) It is expressed like a formula. 




= S g(a) • 2 ai(a) • exp(- 1 <Ma)) • exp(2 7t i ax) da 

-(5) 

= 2 V k (i) -(6) 

k- 1 



Vk (x) =integralg(sigma) ak(sigma) exp(-iphik (sigma)) exp(2piisigmax) dsigma - (7) It is only a time of the optical 



path length of the optical path along which each light passed being in agreement within the coherence length of the 
light source that the light wave which spread each path in the aforementioned optical circuit, and a reference beam 
interfere. Since the coherence length (it is defined as the full width at half maximum of integralg (sigma) and exp 
(2piisigmax) dsigma) of the light source is shorter than the optical-path-length difference during two arbitrary paths in 
tiie aforementioned optical circuit, the bead signal Vj (x) of lie light wave and reference beam to which the beat signal 
Vk of the light and the reference beam which spread each path in the aforementioned optical circuit (x) spread other 
paths in the aforementioned optical circuit, and (j !=k) do not lap. That is, the interferograms which the optical path 
length of a reference-beam way was changed, and were measured are N isolated beat signals Vk (k= 1, 2, --, N) 
corresponding to each path in the aforementioned optical circuit. Shell formation is carried out. 
[0018] Moreover, interferogram V measured at the process S2 (x) The beat signal Vk including the information on 
shell each path (x) is separated. 

[0019] Then, at a process S3, the coordinate yk (namely, x=xk+yk) which makes a zero the coordinate xk of the peak 
value neighborhood of the separated beat signal Vk (x) is introduced, and the Fourier transform is calculated. 
Amplitude bk (sigma) obtained by carrying out the Fourier transform Phase phik (sigma) Amplitude ak (sigma) of the 
light which spreads each path Amount of phase changes phik which the light which spread each path receives (sigma) 
It is connected with the following relational expression (8) and (9). 
[0020] 

g(sigma) ak(sigma) exp (-iphik (sigma)) =exp (-2piisigmaxk), integralWk(yk), and exp(-2piisigmayk) dyk ~ (8) = exp 

(-2piisigmaxk), bk (sigma), exp (-iphik (sigma)) - (9) Here, it is Wk(yk) =Vk (yk+xk). It carried out. 

[0021] therefore, amplitude sk (sigma) of the light which spreads each path the following (10) formulas » moreover, 

amount of phase changes phik (sigma) which the light which spread each path receives It can determine from the 

following (1 1) - (13) formula including the unfixed term of 2pim (m= 1, 2, 3 »), respectively. 

[0022] 

ak(sigma) =bk(sigma)/g (sigma) -- (10) phik(sigma) =2pisigmaxk +phik(sigma)+2pimk -(H) =phik(sigma)+2pimk - 
(12) phik(sigma) =2pisigmaxk +phik (sigma) -- (13) ~ the amount of phase changes which calculates the Fourier 
transform of a beat signal in this way, and is obtained - phik (sigma) of the aforementioned (13) formula it is - phik 
(sigma) of the aforementioned (12) formula the actual value expressed ~ 2pimk There is a difference. However, the 
property of an optical circuit is the phase contrast during the arbitrary paths expressed with the following (14) formulas. 
phik(sigma)-phij (sigma) =(phik(sigma)-phij (sigma))+2pi (mk-mj) « Since (14) is determined by which has shifted 
from the design value The optical-path-length difference during each path can disregard the 2nd term, when sufficiently 
long compared with the wavelength of the light source, and the 2nd term of the aforementioned (14) formula can make 
the 1st term the phase contrast during arbitrary paths, when sufficiently small compared with the 1st term. Then, in 
process S4, the amount of phase changes which the light which spread each path receives from the aforementioned (13) 
formula is derived. 

[0023] Drawing 4 is a flow chart which explains the example of a process which adjusts the property of the 
aforementioned optical circuit based on the amount of phase changes measured through the above process. First, the 
difference (it is defined as deltaphik (sigma)) of the amount of phase changes which the light which spread each path 
for which it asked at the aforementioned amount measurement process of phase changes (process S) receives, and its 
design value is calculated (process tl). Here, it is deltaphik (sigma). When dispersion is larger than the predetermined 
value decided beforehand, the amount of phase control of each path which should be adjusted is determined (process 
t2), and the refractive index of the optical waveguide which constitutes each path of the aforementioned optical circuit 
is controlled based on this amount of phase control (process t3 (it is made to change)). 

[0024] After passing through the processes (refractive-index control process) from tl to t3 of a more than, it returns to 
the amount measurement process S of phase changes again, and the amount of phase changes which the light which 
spread each path receives is measured. It is the difference deltaphik (sigma) with the design value of the amount of 
phase changes at a process tl. It calculates and is deltaphik (sigma). It carries out by repeating the process of t2, t3, S, 
and tl until dispersion becomes smaller than the value decided beforehand. Thereby, the property of the 
aforementioned optical circuit can be adjusted with high precision in a short time. 

[0025] Next, the example of property adjustment of an optical circuit concrete as the 1st example of this invention is 
explained. The block diagram showing the array waveguide diffraction skeleton-pattern optical circuit (an optical 
circuit calls hereafter) 10 from which drawing 5 or drawing 8 is drawing explaining the 1st example of this invention, 
and drawing 5 serves as the candidate for property adjustment, the block diagram showing the equipment which 
measures the amount of phase changes in which the light which spread each path in an optical circuit 10 receives 
drawing 6 , the block diagram showing the equipment which controls the refractive index of the optical waveguide 
from which drawing 7 constitutes each path of an optical circuit 10, and drawing 8 are the important section perspective 
diagram. 



[0026] The 1st example adjusted about the optical circuit 10 as shown in drawing 5 . As for 10, an array waveguide 
diffraction skeleton-pattern optical circuit and 1 1 are array waveguides by which 1 1 input port and 12 are constituted 
from a waveguide [ element / concave surface slab waveguide type ******] from which 1 1 output ports differ from 13 
and 14, and 15 differs in 41 length in drawing 5 . 

[0027] The light by which incidence was carried out from input port 1 1 is diffracted in the slab waveguide type ****** 
element 13 of an input side, and is distributed to the array waveguide 15. The optical -path-length difference between 
the ****** waveguides of the array waveguide 15 is set up so that it may be set to constant value deltaL. That is, the 
amount of phase changes which the light which spread the k-th array waveguide receives is expressed with the 
following (15) and (16) formula. 

phik(sigma) =2pisigma (L+kdeltaL+delta Lk) - (15) =2pisigma(L-i-kdeltaL) +2pisigma (deltaLk) -- (16) Here, it is 
deltaLk. It is the gap from the design value of the optical path length of each array waveguide produced at the time of 
waveguide production. 

[0028] By spreading each waveguide of the array waveguide 15, it is multiplexed with the slab waveguide type ****** 
element 14 of an output side, and interferes in the light which received a different phase change expressed with the 
aforementioned (16) formula. Since the light of different wavelength is condensed by different output port as a result of 
this interference, this optical circuit 10 functions as a diffraction grating. 

[0029] As for this optical circuit 10, optical-path-length difference deltaL between the ****** waveguides of the array 
waveguide 15 has [ in / wavelength the band of 1.55 micrometers / the focal distance of 20 micrometers and the slab 
waveguide type ****** elements 13 and 14 is designed for the pitch of 1656 micrometers and the array waveguide 15 
with 5762 micrometers, and ] the property that light is distributed, in each output port 12 at intervals of 10GHz. 
[0030] In the example of **** 1, the amount of phase changes in each path in an optical circuit 10 was measured using 
the measuring device as shown in drawing 6 . In drawing 6 , 10 is an optical circuit used as the candidate for property 
adjustment mentioned above. 20 Light emitting diode with a wavelength of 1.55 micrometers, A distributed feedback 
laser with a wavelength of 1.3 micrometers, and 22a and 22b 21 An optical fiber 3dB coupler, 23a, 23b, and 23c prism 
and 25 for an objective lens and 24 A reflector, For a stage and 27, one port of a coupler and 28 are [ 26 ] the dichroic 
mirror of 1 .55 micrometer transparency of 1 .3-micrometer reflective. For 29a and 29b, as for a fringe counter and 3 1 , a 
light sensitive cell and 30 are [ a wave recorder and 32 ] computers. 

[003 1] In drawing 6 , incidence of the outgoing radiation light from the distributed feedback laser 21 with a light 
emitting diode [ 20 ] of 1.55 micrometers and a wavelength of 1.3 micrometers is carried out to coupler 22a, 
respectively, and it is carried out by coupler 22a for 2 minutes. While it was carried out for 2 minutes carries out 
incidence of the light to coupler 22b via an optical circuit 10. Moreover, after becoming a reference beam, being 
collimated by objective lens 23b at a collimated beam and being reflected by prism 24, it is reflected in parallel with a 
reflector 25, and is again condensed by objective lens 23b via prism 24, and incidence of the light of another side 
carried out in coupler 22a for 2 minutes is carried out to coupler 22b. 

[0032] It is multiplexed by coupler 22b and the light and the reference beam which went via the optical circuit 10 are 
taken out from the port 27 of coupler 22b. The light which carried out outgoing radiation of the port 27 of coupler 22b 
is collimated by the collimated beam by objective lens 23c, 1.55-micrometer light penetrates a dichroic mirror 28, it 
reflects in light-sensitive-cell 29a, and 1 .3-micrometer light is led to it again at light-sensitive-cell 29b, respectively. 
[0033] Here, a reflector 25 is moved in parallel to a light beam using a stage 26, and the optical path length of a 
reference-beam way is changed. Thereby, in light-sensitive-cell 29b, change of the optical path length of a reference- 
beam way only lambda/2 detects the beat signal with which only a half period changes. The fringe counter 30 detects 
change of this beat signal, and whenever the optical path length of a reference-beam way changes only lambda/2, it 
generates a clock pulse. 

[0034] On the other hand, in light-sensitive-cell 29a, the interferogram produced by interference with the lightwave 
and reference beam which spread the optical circuit 10 is detected. Moreover, the wave recorder 3 1 set as external 
clock mode is the clock signal which the fringe counter 30 generated, and samples the output signal (interferogram 
produced by interference with the lightwave and reference beam which spread the optical circuit 10) of light-sensitive- 
cell 29a (process SI). Furthermore, an interferogram is downloaded from the wave recorder 3 1 to a computer 32. 
Coordinate xk near the peak value of the beat signal Vk (x) which separated the beat signal Vk including the 
information on each path (x) (process S2), and was separated It chooses, this coordinate xk Coordinate yk made into a 
zero introducing » the beat signal Vk (x) « Wk (yk) - expressing - the Fourier transform - calculating (process S3) - 
phase phik (sigma) the amount of phase changes which the light which spread each path receives from the 
aforementioned (13) formula ~ derivation ~ the bottom (process S4) Based on the amount of phase changes measured 
through the above process, the property of an optical circuit 10 was adjusted according to the flow chart shown in 
drawing 4 . 

[0035] Drawin g 7 is drawing having shown the equipment configuration which carries out the process (process t3) 



which controls the refractive index of the optical waveguide which constitutes each path of an optical circuit 10. 
drawing 7 - setting — 40 -- for a total reflection mirror and 43, as for the waveguide to which a video camera and 48 
change an X-Y stage, and, as for 10, a light sensitive cell and 47 change [ 45 / a cylinder lens and / 46 / a beam splitter 
and ] a refractive index, and 49, a convex lens and 44 are / a KrF excimer laser and 41 / a shutter, and 42a and 42b / a 
stage controller and 32 / computers 

[0036] After passing a shutter 41, it is reflected by two mirrors 42a and mirror 42b, and the shape of beam is 
transformed by the outgoing radiation light of the KrF excimer laser 40 with a convex lens 43 and the cylinder lens 44. 
by the beam splitter 45, 95:5 appears in the reflected light and the transmitted light comparatively, and die laser beam 
which carried out outgoing radiation of the cylinder lens 44 is made into them for 2 minutes Then, the reflected light is 
condensed on the adjusted optical circuit 10 installed in the upper part of X-Y stage 48. Moreover, the transmitted light 
is led to a light sensitive cell 46, and is used for the monitor of the energy irradiated by the optical circuit 10. 
[0037] A video camera 47 is used in order to act as the monitor of where [ of a waveguide ] the laser beam condensed 
by the optical circuit 10 is irradiated. X-Y stage 48 which installed the optical circuit 10 is connected to the stage 
controller 49 and a computer 32, and it is controlled whether a laser beam is irradiated by these in which position on an 
optical circuit 10. Moreover, the computer 32 is also performing opening-and-closing control of the shutter 41 of laser 
40. 

[0038] Although the example of composition mentioned above raised and explained the KrF excimer laser 40 to the 
example as laser used for refractive-index control helium-Cd laser, N2 laser, and various excimer lasers (it ArF(s) F2 ~ 
) Ar ion laser, such as XeCl, and Nd : An YAG laser, alexandrite (Cr:BeAl 204) laser, The thing and C02 which have 
the wavelength of ultraviolet and visible regions, such as second [ of titanium sapphire (Ti: aluminum 203) laser ], and 
the 3rd higher harmonic [ 4th ], The high power laser of an infrared region like laser can also be used. 
[0039] Drawing 8 is the perspective diagram which expanded the portion which irradiates a laser beam to the optical 
waveguide of an optical circuit 10 in drawing 7 . It is condensed by the 10mmx0.55mm ellipse form by the waveguide 
on the street of an optical circuit 10, and the laser beam transformed by the configuration with the convex lens 43 and 
the cylinder lens 44 is irradiated by only one of the optical waveguide which constitutes each path. 
[0040] The property adjustment procedure of the optical circuit 10 by the above-mentioned composition is as follows. 
First, acting as the monitor of the irradiation position of an optical circuit 10 waveguide on the street with a video 
camera 47, the stage controller 49 is controlled by the computer 32 so that a laser beam is irradiated by the waveguide 
to adjust. Then, the shutter 41 of laser 40 is opened wide and irradiation is started by control of a computer 32. Under 
the present circumstances, the refractive index of the irradiated portion changes with irradiation of a laser beam, and the 
variation is controlled by irradiation power and irradiation time. Subsequently, based on the amount of phase control 
determined at the process t2 mentioned above, by irradiating a laser beam at an optical waveguide, a refractive index is 
changed and a shutter 41 is closed. These processes were performed about all the paths of an optical circuit 10, and the 
refractive index of the optical waveguide which constitutes all paths was changed. 

[0041] (a) of drawing 9 the array waveguide diffraction skeleton-pattern optical circuit 10 before adjustment ~ amount 
of phase changes phik (sigma) in each path the measuring device shown in drawing 6 -- using - measuring ~ 
difference deltaphik (sigma) with the design value drawing having shown the distribution » it is ~ a horizontal axis ~ 
the number of arrays ~ moreover, the vertical axis expresses phase distribution, respectively (b) of drawing 9 The 
transmitted light frequency characteristic at this time is shown, the horizontal axis expresses relative frequency and the 
vertical axis expresses loss, respectively. Thus, the optical circuit 10 used for this example was the property of lOdB in 
the suppression ratio (side-lobe-suppression ratio) to the peak of a transparency band. 

[0042] (a) of drawing 10 The process (t2 ->t3 ->S->tl) shown with the flow chart of drawing 4 is followed. About the 
array waveguide diffraction skeleton-pattern optical circuit 10 after changing the refractive index of the optical 
waveguide which constitutes each path and adjusting a property the amount of phase changes in each path - measuring 
- difference deltaphik (sigma) with the design value drawing having shown the distribution - it is » the same - a 
horizontal axis » the number of arrays » moreover, the vertical axis expresses phase distribution, respectively 
Moreover, (b) of drawing 10 The transmitted light frequency characteristic at this time is shown, the horizontal axis 
expresses relative frequency and the vertical axis expresses loss, respectively. Thus, the side-lobe-suppression ratio has 
been improved by 2dB at 1 time of a process. 

[0043] (a) of drawing 1 1 Difference deltaphik (sigma) of the amount of phase changes and design value in each path of 
the array waveguide type optical circuit 10 after performing a process (t2 ->t3 ->S->tl) again and adjusting a property 
A distribution is shown. Difference deltaphik (sigma) of the amount of phase changes and design value in this drawing 
to each path It turns out that it has adjusted so that it might become fixed, (b) of drawing 1 1 The transmitted light 
frequency characteristic at this time is shown. This shows that the side-lobe-suppression ratio is improvable to 32dB. 
[0044] Next, the 2nd example of this invention is explained. Drawing 12 is drawing showing the composition of the 
array waveguide diffraction skeleton-pattern optical circuit 10 which adjusted the property in the 2nd example of this 



invention. The 2nd example of this invention is almost the same as the 1st example, and the difference between the 1st 
example and the 2nd example is in the point which used Ar ion laser instead of the KrF excimer laser 40 shown in 
drawing 7 while using the array waveguide diffraction skeleton-pattern optical circuit 10 in which the stress grant film 
16 which consists of amorphous silicon was formed on the array waveguide 15. 

[0045] In the example of **** 2, by heating some noncrystalline silicon stress grant films 16 by Ar ion laser, and 
making it poly cry stal-ize, the stress by the stress grant film 16 was eased partially, and the amount of phase changes in 
each waveguide was changed. Generally, the stress grant film 16 changes the stress of the both directions of a 
horizontal direction and a perpendicular direction to a substrate side, and the stress variation of each direction can 
control it by width of face of the stress grant film 16 to load. Then, in the example of **** 2, width of face of the stress 
grant film 16 was set to 95 micrometers so that the stress given to the array waveguide 15 might become the same in 
both directions. This is for making the same refractive-index variation of the both directions by stress relaxation. 
[0046] (a) of drawing 13 And (b) A dashed line shows the distribution of errors of the transmitted light frequency 
characteristic of the optical circuit 10 before adjustment, and the amount of phase changes, respectively. The phase 
error is distributed for **180 degrees, and has become the cause which only lOdB of side-lobe-suppression ratios 
cannot take. Then, by changing the area which irradiates Ar ion laser at the stress grant film 16, the refractive-index 
controlled variable was changed, and it adjusted so that it might go into the range whose error of the amount of phase 
changes is **5 times, (a) of drawing 13 And (b) A solid line shows the transmitted light frequency characteristic and 
the phase distribution of errors after adjustment. It is improvable with reduction of the error of the amount of phase 
changes until the side-lobe-suppression ratio was set to 33dB. 

[0047] the Ming kana from this result ~ property adjustment of the optical circuit 10 which has three or more paths 
which were not able to be adjusted even if adjustment took the long time very much or the conventional method of 
changing blindly the refractive index of the waveguide which constitutes each path of an optical circuit 10 like took the 
long time was able to be performed with high precision in a short time 
[0048] 

[Effect of the Invention] As explained above, according to the property adjustment method of the optical circuit of this 
invention according to claim 1 The difference of the amount of phase changes and design value of each path which the 
light which spread two or more paths in the optical circuit used as the candidate for property adjustment receives is 
calculated. Since the amount of phase control of each path which should be adjusted is determined and the refractive 
index of the optical waveguide which constitutes each path is changed based on this amount of phase control Property 
adjustment of the optical circuit which was not able to be adjusted even if adjustment took the long time very much or 
the method of changing blindly the refractive index of the waveguide which constitutes each conventional path took the 
long time can be performed with high precision in a short time. Moreover, since this invention can be carried out for 
the already created optical circuit, it becomes possible [ adjusting the optical circuit which has a substandard optical- 
frequency property to a desired property ], and it contributes to the improvement in productivity of an optical circuit. 
[0049] Moreover, since it has an amount measurement means of phase changes to derive the amount of phase changes 
which the light which spread each path of an optical circuit receives, and the refractive-index control means which 
control the refractive index of the optical waveguide which constitutes each path of the aforementioned optical circuit 
according to the property adjusting device of an optical circuit according to claim 2 The difference of the amount of 
phase changes and design value of each path for which it asked by the aforementioned amount measurement means of 
phase changes is calculated. The amount of phase control of each path which should be adjusted can be determined, the 
refractive index of the optical waveguide which constitutes each path using the aforementioned refractive-index 
adjustment means based on this amount of phase control can be changed, and the property of the optical circuit after 
production can be adjusted to the inside of a short time with high precision. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The flow chart explaining the amount measurement process of phase changes in one example of this 
invention 

[Drawing 2] The block diagram showing MZ optical circuit of 2x2 of the conventional example 

[Drawing 3] Drawing showing the optical -frequency property of MZ optical circuit of 2x2 of the conventional example 

[Drawing 4] The flow chart explaining the property adjustment process of the optical circuit in one example of this 
invention 

[Drawing 5] The block diagram showing the array waveguide diffraction skeleton-pattern optical circuit in the 1st 
example of this invention 

[Drawing 6] The block diagram showing the measuring device which derives the amount of phase changes in the 1st 
example 

[Drawing 7] The block diagram showing the equipment which performs the refractive-index control process (process 
t3) in the 1st example 

[Drawin g 8 ] The perspective diagram which explains to the optical waveguide in the 1st example the portion which 
irradiates a laser beam 

[Drawing 9 ] Drawing showing the amount of phase changes and the transparency frequency characteristic of an array 

waveguide diffraction skeleton-pattern optical circuit in each path before the property adjustment in the 1st example 

[Drawing 10] Drawing showing the amount of phase changes and the transparency frequency characteristic of an array 

waveguide diffraction skeleton-pattern optical circuit in each path after 1 process end in the 1st example 

[Drawing 11] Drawing showing the amount of phase changes and the transparency frequency characteristic of an array 

waveguide diffraction skeleton-pattern optical circuit in each path after 2 process end in the 1st example 

[Drawing 12 ] The block diagram showing the array waveguide diffraction skeleton-pattern optical circuit used as the 

candidate for adjustment in the 2nd example of this invention 

[Drawing 13] Drawing showing the amount of phase changes and the transparency frequency characteristic of an array 
waveguide diffraction skeleton-pattern optical circuit in each path before and behind the property adjustment in the 2nd 
example 

[Description of Notations] 

10 [ ~ Output port, ] - An array waveguide diffraction skeleton-pattern optical circuit, 1 1 « Input port, 12 13 14 - A 
concave surface slab waveguide type ****** element, 15 - Array waveguide, 16 [ -- A distributed feedback laser with 
a wavelength of 1.3 micrometers, ] -- A stress grant film, 20 -- Light emitting diode with a wavelength of 1.55 
micrometers, 21 22a, 22b - An optical fiber 3dB coupler, 23a, 23b, 23c -- Objective lens, 24 [ - A stage, 27 / -- One 
port of a coupler, ] - Prism, 25 - A reflector, 26 The dichroic mirror of 1.55 micrometer transparency of 28-1. 3- 
micrometer reflective, 29a, 29b ~ Light sensitive cell, 30 [ - Computer, ] ~ A fringe counter, 3 1 - A wave recorder, 
32 40 [ - Total reflection mirror, ] -- A KrF excimer laser, 41 -- A shutter, 42a, 42b 43 [ - A beam splitter, 46 / -- 
Light sensitive cell, ] -- A convex lens, 44 -- A cylinder lens, 45 47 [ ~ A stage controller, 51a, 51b-3dB directional 
coupler type ****** element, 52a, 52b / - A waveguide, 53a 53b / -- Input port, 54a, 54b / » Output port. ] - A video 
camera, 48 - An X-Y stage, 49 
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iPi'7i»V(x) ^<=>#/1X©tiffg£-^tf£- hfs^V 

[0 0 19] £©&, IgS3tll #6IL-Act:*-h{I 

^ v k (x) © tr-^iiijfi2©j^ffi x k &m& t-r-s^s y k 

(T&fc'S. x = x k + y k ) ^IAL, 7-Ulf 

7-yx3gaii,-c»6nfcfi<ib k <o) 

<h&*i<f>k(a> #/N , X££»W-3}t©}&Ha k (a) 

©unices) (9)T?tttin*. 

[0 0 2 0] 



= exp(-2rti ox k ) ■ b k (a) 
CCT. W k (y k )=V k (y k +x k ) tLt 
[0 0 2 1] fot, #/tX*£Jfi-r*3t©g*Is 



e x p (- 2 7r i a y k ) d y k 

-(8) 

e x p (- i * k (a)) — (9) 

k (a) M#c©U0)St«fcO. *fc*^X*e*b3t3tx>tS 
50 tt-5firfflS{tS(J)k(o) «2 7rm (m=l,2,3 •••) ©?FS 



(5) 



#ffl¥7 - 2 9 4 7 5 6 



m&'£st>T#.v> (i i) ~ (i 3)itj: t) -en-etiftjeT?**. 

[0 0 2 2] 

a k {a) = b k (a)/g(o) -(10) 
(J>k(a) = 2 7t a Xk + <J>r(o) + 2 nrmk •••(11) 
= <t> k (a) + 2 Trmk —(12) 
1>k(a) = 2 7C a Xk + <f>k(a) —(13) 

(f>k(a)-(f>j(a) = (<E>k(<7) -<I> j(<7) 

#&§niia> e. twc tt-mr t > s £ ns ©t? , 

IME (1 4) £©« 2 W**SS 1 tt^T+^/jN S If » i # . 
[0 0 2 3] B4B. e4±OlS*«TJH3tUfcffiffi* 

{t»(ca-r>*^T> «re3tia»o«Ftt*HSE-r*xe«i* 

$l5tx*M (its) T#»&a-r«x£e»L*yea»gtt 
ateffl«<b«a:-tO»W-tta:©lS (<5<D k (a) i:S«-T 
S) SttlTS (Xgt 1) . Clf, <5<I> k (a) ©tf 20 
6t3**« : 5Pi6ftJ6 6nfcBrS4SJ:0**i»»^tt, US 
-T^Sfc/tX©^*!!*!***^ (Xgt 2) , £© 

3t#jft»©a*f*s«»-r4 uMtsi**) (igt 

3) . 

[0 0 2 4] W±© tl*>6t 3JTOIS (HtfrtMM 

me) *«fc». mwfitfaseftMWigxescHD. 

S<65ST, t2, t 3, S. t 1 ©XiI£tB0igL 

<t> k (o) = 2 x o (L + kAL + <5L k 
= 2 tc a (L + k AL) + 2x 

©t!£8& A©t8:fHii#> h <D-?tiX- & -5 „ 
[0 0 2 8] 7 V-mm& 1 5 ©«-#«»se»T -& ' 

[0 0 2 9] *^tHlgS 10H, 7 U-WStt 1 5 ©P£r 



■5®iKSSW©5tS&fiMALAU 6 5 6 urn. 7U— #i£ 
HU 5©fcTy^a»2 0 Mm. XS^iSBS^**? 
13, 1 4 ©&££«#< 5 7 6 2 nmtmftZtlTte 
0, jftSl. 5 5 /zm^fC&t^T 1 0 GH z ©KBITS 
fcH73#- h 1 2 KJ6**^E*n*»tt**-r*. 
[0 0 3 0] 1 ©sejfiWTftt. H6»CS£UfcJ:3fc 



nSftffifftitt, StffE(13)jS:©4>k(a) Ta&ot, Id 
fB(12)iC©<J)k(a) T«$na*IK©4ti:«2 7cm k © 
3&*«»*. 3tEltt©»tttt3*C©(14)iCT? 

) + 2 tc (m k -mj ) -(14) 

[0 0 2 5] &tc, #»l|!©m ©**&*!£ UTJWfrW 

588ri©tBl©SIJfi«*BiWr*HT?»oT. H 5 tttttt 

71"— *«KiaSr» : fffl3tiaiS (JUT. 
3fcB»£5»-ra) 1 0 &^TWf$.m, 0 6«7tlslg&lO 

rt©«/xxeejRbfc3t3&»gtt*ffiffl*fk«s«s-r* 
sasis-rtiMEia. Ei7tt^iaj^i o©#/tx^ffli^-r 

fctt©»ff»«Bnr**. 

[0 0 2 6] mi ©£ffi44tt. El 5 \z^k-?& 5 t£ftm& 

1 0 C-^TiS&^fTft^fc. 0 5(C*5^T1 0tt7I/ 

-wawMnaiffftf ffl3tni», niiii *©A7j#- 

K 1 2(41 l2jc©ffi.73Jtf— K 13, 14«GflSX7 
iTOSIfrSi^a**^ 15144 1#©S3©&&*# 

[0 0 2 7] A?3#-h 1 l*^AJt$tlfc3tttA*ffiiJ 
OX5^»«»I^»«f 1 3 KisHTEUffU 71/ 

#»iiiB©3ie»*aftt— jettAL t»3tsti 

T^4. MP*>. k#B©7U-J*Sa»*£*Ufc3tea»g 
W«ffi«*ft:«tt. 5fc©(15)(16)SC-C**n.5. 

) -(15) 
a (5 L k ) " -(16) 
2*&<h&.53fclal8&-e&9. 2 0liS«l. 5 5»m(D% 
3t^-f*-H. 2 1«»*1. 3/im©$Mlf»jtSlU- 
if, 2 2 a, 2 2bli^7r'fA*3dB*y7, 2 3 
a, 2 3 b, 2 3 c \t*i%>>l>>X, 2 4tt7 p UXA, 2 
5ttU7U^^, 2 6f4XT—5?, 2 714*^7©-^ 
©#— K 28141. 3»mgMl. 5 5 m mjgj®©^ 
-f £n-f .^55- , 2 9 a, 2 9 b tefttfefflgg, 3 
0tt7'J >*J*V>9, 3 114Wl/3-y, 3 2 ten 

[0 0 3 1] 06mJT, 1. 5 5MmOMy-ft 
-K2 Otafcgl. 3Am©MiIil/-f2 1A^ 

©awjttj*. *tifft*^5 2 2 a(cA#t$n. 

2 2aT2^Stl5. 2^$nfc— 7j©3ttt7tlEl?&l 0 

LT7J'7°^ 2 2b tdAS>t"3"-5>. 7J-7°^22 
a(c*t,iT2 73-^nfete73©7t«, ^HWttft:?), »<Ml 
1/>X2 3 bt<toTspff If— AfcnU^— h$n, y 
UXA2 4(C«fcOSS ; t$tlfc^. U ?Vt>5'-2 5 T?sp 
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ffCgftSn, ^UX'A2 4i£gaLT, *f«lly> 

[0 0 3 2] 0S«aL*:3ti:#HB)t»4*^5 

2 2 bT"-&i££*l, *^72 2b05p-h2 7*61t) 
tb£*l-5. *^72 2 b©#-h2 7 £ttWLfc7fc^;£*^■ 
!#|^>y;*2 3 c CJ;oT¥ffbf— ACHU^-hStl. 

1. 5 5 umOJttt^'f ^D-f 2 8£j8itL 

T3t*a»2 9aK. Sfc 1 . 3ftm©iaS»LT^ 

&mi§2 9 bfc-tn-enw^na. 

[0 0 3 3] i^T", Xf-y2 6*ftfflLT l j7l/^ 
9—1 5*3ttr— AfC*tLT¥ffR:»»S-a:T. 
8&©^8&fi£^{t:S-tt3. cntc^O, 7t&tai£2 9b 

>^-3 OttCCH-hf^Offt^fflLT, #HBJt 
»©3te»fia* A / 2 WgffcT* CT t D -y 9 /VUX 

[0 0 3 4] — ^tti«2 9 aT^TtlfilgSl 0 £fc 

(3t@»l 0£^Lfc3fc*fclMIRfti©T#fc<koT 

tDM^^iD^A) £lf>:/y >^-T-5 (X 

gsi) . se>c, S)gi/3-y3i^e<>^-7i 
D^A£n>t:a-? 3 2 tcmojx*-. &/ix©tf?g 

£©j&Slx k £IgO££T-5ffi«ly k ^»Al- tf- hfl 
^V k (x)£W k (y k )£:3iU -to 7— U X^SthSb 
(XgS3) , ^-©{4ti* k (CT) fcWffi(13)3tt>5#At 

x*g«b&3t*«swateffl*fl:Ji*i»mLfc (x@s 

T, 04tC^bfc7D-^^-hCL^oT7 , ei51?Sl 

o <D®\i*mmvtz. 

[0035] m7\tytm&i o©^;tx5Mt^# 
■ «»ojB*f**ftw-r*is (iit 3) ssitsg 

««^S^bfcEl'C 1 a&^<, 0 7fC*3V^T, 4 0«KrF 
X+yVL'- tf. 4 1^'^. 42 a, 42btt^ 
4 3«iaiy>X\ 4 4«RfBl'>X\ 4 5 
ttk-AX^U y*. 4 6 te^fflgg, 4 7 tttf^** 
4 8MYXf->', 1 0 ttffl^*^ftS-a:S 
a»$ESS, 4 gttX'x— > 5 3>hD — 7, 3 2«n>fcfo. 

[0 0 3 6] K r FI+yYU- tf 4 0 ©&!*}£« 
•y^4 1 £jIilLfc*g, 2#C©5^ — 4 2 ai$7~ 4 
2 bfSW^n. £iU'>X4 3£Pimu>X4 4\Z&-D 

U— tffttt. k'-AX^U ^4 5THWft<hjSj®}t£: 
C9 5 : 5©fl|-&T2#;*n-5. S&btte. X 



(6) #1^7-2 9 4 7 5 6 
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[0 0 3 7] t!5***^?4 7»43tleIKn 0fc*3tStl 
Tc U— tf 3fc*»*«tt© £ £ tit ^ £ 5€= ^ 

-ts&fetttffl^n*. 3t0»i osrbl&xyx 

f-y4 8(iXf-y3>hD-54 9 ta>t!a-5' 

3 2\zmm.zti. z.nt>\z&-oi:ytm%,i o ±.<nE<nfo 

3.-^3 2(1 if 4 0©S^y*4 l©68B!i|i!H8¥ i S> 

[0 0 3 8] WjeLfc»^«TfttBJFr*W»ICffl^*U 

-iftLT, K r tf 4 0 SrWcitflBi! 

Istzifi, He-Cdl/- tf, N 2 1/— tf. #H+y7 
ly-if (F 2 , A r F, XeCl?) . Ar-i^>U- 
■tf-^Nd : YAGly— tf, 7 ly^lt > F h (C r : 
Be A I 2 0 4 ) U— tf, f^>t77'ft (T i : A 
1 2 0 3 ) V— tf©ff2:&, ff§3ifc, SS4#i^lE2£^, 

^0 Rra**©«[S*^r-r*t>© j «'co2 i^— tf©«t 

•3&*tt<R«©Ktti* I/— tf bmmtZ H 
[0039] @8il 07 ©&a>-c3teiag& 1 0 ©3fc#i& 

i£bU->X'4 3 £.Y\nV>X4 4 Ci^TltWSn 
I/— tf3ttt. ^I@1S& 1 0 ©#*»±-C 1 0 mm X 0 . 

S&4 3 © 1 *fc*ttfwMM$n*. 

[0 0 4 0] #rj6©«|jsjEKJ:*3tlHlHH 0©Wtt«tt# 
JBttJJtTOjlOT&S. tf^*^7 4 7 C«fc 0 

««E-T 3 \z V— tf 3te#JB tl% «k 3 K n > tf a 
—^3 2i;J:^TXf- v?n>bn— ^4 9 SSffli-r 
•&„ C©^, n>fcfa.-^3 2©WfflIfC«fcoTly— tf4 
0©>-^-y^4 1 SrHiStU RgW^^^^tt-So C© 

u ^©^t««fiB.w/t r 7-tswtWfffiT**jffli$n-£. < , 
«f*s*fl:*-a-, iy^<y^4 i ^ne>©x@ 

[0 0 4 1] 0 9 ©(a) Ji. i@Sffr©Tk-«EKS&|5]ST 

ot'dViT, «-/ix-r©teffl^<t:a^ 

k (o) *H6^Lfc»3eSt«*ffl^TW€L. 
*. 0 9 ©(b) «, H©i:*©ajft3t«««c«rtt*SU 
50 IhIS&10«. aia/1>K©t!-^C*f-r-&«l£EJt (It-f 
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[0 0 4 2] 01O©(a) it. B4C7D — — H "C 
7KL7cI;g (t 2-*t 3 — S— t 1) CLfciibT. & 

fc. hi oo(w doi*oaabt«**«tt** 
H p - ywrntta* 2 d b \zekm ts tiit. 

[0 0 4 3] g| 1 1 © (a) te. It ( t 2—t 3 ->• S — 
t 1) SmXSWrU Wtt*i8LftH07U-#*B 

SbtIS8&l 0©#/1XT©feffl^{t*<fc^-©f§:fHtt£:© 

ii5$ k (o) ©fl-^s^L&fc©-?**. ci©@*^, 

#^*T©ffcffi^*fc*©R9H|t£©g«* k (a) 
— ££&S«fc5K:W*T?*fcc<fca«;ba**. Si 1© 
(b) fct. £©<fc£©»®^&^#te£;fcLfcfc©T& 
•5. dtl^D, 1M HD — ^ffllffilt^ 3 2 d Bd3$C#T 

[0 0 4 4] jfcf:. *38WOJB2©S8!fi«*«ffl-rs. 
H12H, *fg^©IB2©jyg#JT-#tt©18g£fT&o 
fcT W'-SKRHHaSfft^Sl^lHia 1 0 OirtSStBT 
**. *36iJi©fB2©&ffiWmi©^«l£S£A/£ 
PCTa&O, 3n©3^ffl2:£ 2 ©£%{*<>:©&&£ 

6*»ritbfc7U-#«HHi|Sr»^a!3tlH!«H 
0&mmTZ>h&\Z. i7CSTKrFX+>'71/-1f 
4 OCOftbOfCA r -C :*>U— tfS^ffl Lfc^i^a&S. 
[0 0 4 5] #lfi 2 ©HJg0IJT*«. #*Sft*5'y3>JS 
7J##§tl 6©— SP^^A r-r*>l^— tffCjcOiPf^L 

ttfc. HftKJfcTJtt-S-ll 1 6 tt, S«ffl(C*fbT*¥* 

**<t«ttSt«fr***ft-^«t i 6 ©«-?«»-?**. 

-tcTr*JB2©s(BS(s«-ettTu-»jftai sk^sjk 
^^'M*[B]Ti^i;t^s i-stc jts*#-^jei 6©n& 

[0 0 4 6] El 1 3 ©(a) &tf (b) ©«lftB:*ft-£*lH 
MM©7tIHg&l 0©ail3t««»Wtttteffi^t*©R 

^^**^Lfcfc©-Cfe-2> 0 fifflSilii 1 8 OSfCS 

T. E*rJWSdW*t*fl:3-&. tfcffiSEfl:«©ttiia«± 5 

ft©IEBI;:AS«fc3f;:8iSSLfc. Ell 3 ©(a) &tf(b) 
©*»*. MS&©S)Iftfflttgc4ei£&(&4B^#:m& 



(7) #W7-2 94 7 5 6 
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+M- Hd — :/flJffiJ£#3 3 dBIIftSST^itSut 

[0 0 4 7] £©»»;&> SIMfr&J; 5 ft[H8&10© 
#/XXS*J«-r*#»»©JHtfr**^»*< ^fC^^^fie 

±©^X*#-r*3t@I»l 0 ©WttWSE£JfiH#|BJTiB5«f 

/0 [0 0 4 8] 

[3fiiH©3!l*] £t±«WLfc«t5K:*»M©a!f*flilE 
*©3fc®»©4*tt«aE#8!fc«J:fttt, WttW«E*Mfci:!&: 

s3fcta»rt©*»©^xs^L&3fca*£tt*&/ , t;*© 
feffi^t»t^©^:tfffli©M<&n-^b, marr"5*# 
/ufflwat^ftgL, c©ttffl«»a»c*tJv» 
t, #^x**rii-r*3ifi#ad»©jBtff*s*fl:s , a-Tv» 
*©-e. fiE*©«-^x**rirr*j»»»©jffl#f**^»*- 

20 oJ&3tig»©4$teWSES. fi^lBlTl«*lflECff&'5ca: 

*t bTi8MTfs*fcfts»4i.©3ta**i*tt**rr* 
»©*ettiei±»c*4--r«. 

[0 0 4 9] £&. ffi^2Gtt©3£IBItt©ttttnaE& 

^t»^#mT*&ffi^{t»S!l^^SiSfflH7 l 6lH]g&©6- 

JO 0*»fc#/^X©tt««fl:at-t©«IHl[i:©iSSfHf 
U IIST'«*a/t;*©{frlifel»»£tfe£U £©{i*B 

»tft-ra3tt#«»©a»f**SEft*-e-*iii*«T?*, f£ 

««©3tlil»©4*tt*fil«|lll©rtfcjfit*|flEC««E-r* - 
[Hffi©fB*a:«S] 

[Eii] *5sw©— sgjfi^jfc^w-steffl^ftfiaasxg 
[ei 2] fie*«©2X2©MZ3tia»*^-raij«Bi 

40 [0 3] S£5|5^J© 2 X 2 ©M Z 3tE»©36H»»«rttt 
[El 4] *5gW©— *]ffi^J[c43tj-S3tlil8&©!KfttiaMX 
[El 5] *5£W<Df(i 1 ©HMWc^tSTU-jgSiJ&lHl 
[El 6] SB l ©*S6«K:fct**fttt£fc«£#ttl-r<&* 

^sa*^-r«^Ei 

[El 7] «l©«tG«|(z«»t«JB^«ffxe (Xfit 
3) Sff5*«**r«lfiRH 

50 [Ei8] ffi i <Dmffi.&uz%>tf2>ytmmmzu~ *fyt*m 
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*t-$-*»#*ttiJUTs#«ia 

[010] jgl <OjfeflS«K:*tta lJLfflHkJ'&<DT\s- 
#Sttia#*^ffl3fclII»©#/^;*T©flMi*fl:«2:«ifi 

[Ell 1] % 1 ffl^lltWCfiltS 2 Ig»7««37 I/- 

#s»iiiw*?g83fciii»©#^;*T©ftffl*{t«£»a 
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K 12-ttlM-K 13, 1 4-D3ffi7.^^ 
S^NK* 1 ?. 1 5-"7l^-#KSS. 1 6 
K. 2 0-8*1. 5 5 /im«y-ft- h\ 2 1- 
fc&l. 3 HmCMilil/- If. 2 2 a, 2 2 b — 
)t7r-fA*3dB*y7, 23a, 2 3b, 2 3c — M 
^|U>X. 2 2 5-'J71/i?^, 2 6 — 

Xf-y, 2 7-*^7®- :£©#-K 2 8-1. 3 
/imEWl. 5 5 MmSl©^-f ^D-f >yi75^ — , 2 
9 a, 2 9 b-JtfctblS, 3 0-7'J»**'7>?, 3 
10 l-WiBU=i—#. 3 2-n>£i — 4 0-KrF 
l^yVl/- tf, 4 1-vty^, 42 a, 42b-± 
SltS 5—. 4 3-CiU>X. 4 4-RfL^>X, 4 5 

4 8-XYXr-y, 4 9-Xf-y3>bn- 
^, 5 1a, 5 1 b-3 d B7J|6]14^g§S^K* 
^ 5 2 a, 5 2 b-i»i&i&. 5 3 a, 5 3b-AM 
— K 5 4 a, 5 4 b-ai73^— h.' 
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